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1. Introduction

This contribution proposes an improvement on coefficients coding for intra picture based on the Nokia’s variable length coding (VLC) of coefficients proposal “JVT-B072-revised” sent out on 4/17/2002.  We only change the two code tables used in coding codeword numbers.  All others remain the same.

2. Method Description

JVT-B072-revised uses exp-Golomb tables to code the codeword numbers (specifically table VLC1 and VLC2).  We propose to change the tables into the configurable tables mentioned in contribution VCEG-L19 proposed by TI/Sharp.  The configurable tables are different from exp-Golomb in allowing variable number of bits in the suffix parts (binary part in JVT-B072-revised, additional code in VCEG-L19).  The prefix parts (unary part in JVT-B072-revised, coarse code in VCEG-L19) remain the same.  For example, a configurable table can look like: 

Table 1.  A configurable VLC table.

category
prefix
suffix
code number

0
1
xx
0:3

1
01
xx
4:7

2
001
xxx
8:15

3
0001
xxxx
16:31

…




The numbers of bits in the suffix parts are the same within each category.  The numbers of suffix bits in each category are specified by a configuration.  For example, the configuration of the above example is [2,2,3,4,…].

To code the two types of coefficients in JVT-B072-revised (TYPE1: those when previous coded level less than or equal to a threshold, and TYPE2: otherwise), following configurations are determined (Table 2).  The configurations are switched on quantizer scales (qp) based.  Note the configuration can be conveniently indexed by qp>>2.

Table 2.  Configuration for Intra picture.

quantizer scale, qp
configuration [r0,r1,r2,r3,r4,r5]


TYPE1
TYPE2

0-3
[2,2,3,4,4,5]
[3,4,4,5,5,5]

4-7
[1,2,3,3,3,4]
[3,4,4,5,5,5]

8-11
[1,2,2,3,3,4]
[3,3,4,4,5,5]

12-15
[1,2,2,3,3,3]
[3,3,4,4,5,5]

16-19
[1,2,2,3,3,3]
[3,3,3,4,5,6]

20-23
[1,2,2,2,3,3]
[2,3,3,3,4,4]

24-27
[1,2,2,2,3,3]
[2,2,2,2,3,3]

28-31
[1,2,2,2,3,3]
[2,2,2,2,3,3]

(*) r6=r5+1; and in general rj=rj-1+1 for j(6.

The configurations are static parts in the syntax and understood by encoder and decoder (codec).  The choice of configuration is signaled by qp, so there is no additional information needed in the bitstream.

To minimize the memory requirement in the codec, the configurations are confined based on the following rules (Figure 1).  Note that each configuration needs only 7 bits to represent, so the total increase in memory requirement is only 7 times 16 bits, that is 14 bytes.


rj([1,2,3,4]
for j=0

rj([rj-1,rj-1+1]
for 1(j(5

rj=rj-1+1
for j(6

Figure 1.  Configurations are confined by some rules.  Total overhead in codec is only 14 bytes.

Regarding computation requirement, the method requires the same complexity as the original proposal.  Figure 1 shows the program code for encoding the codeword numbers.  Program code for decoding is similar.  Note that the configurable tables keep the simplicity and easy encoding/decoding advantages of the original test model.  Every instance of the configurable tables can be encoded/decoded by the same program routines.

void linfo_ctable(int n, int *len, int *info, const int config[])

{

  /* mapping n to codeword */

  int t=0;

  int i;

  for (i=0;i<N_SUF && n>=t;i++)

  {

    t+=(1<<config[i]);

  }

  *len=i+config[i-1];       /* category i-1 */

  *info=n-(t-(1<<config[i-1]) );  /* suffix */

}

Figure 2.  Program code for encoding.

3. Possible Extension

The coding performance can be further improved by allowing users to download customized configurations, similar to the idea of customized quantization matrix in MPEG.  This can be signaled at sequence header, and included in sequence or picture header.

The idea can also be applied to inter picture. 

In addition we can apply the configurable tables to other syntax elements like motion vector residue (MVD).  For example, when slice is used, some motion vector (MV) predictions would be broken, and the statistic of MVD would be different from the one assumed in the current test model.  In such case specific configuration can be designed to match the resultant statistic, and this can improve coding efficiency.  

4. Results

The proposed technique is implemented in the software provided by Nokia on 4/17/02, which implements Nokia’s JVT-B072-revised based on JM1.1.
The results of the simulations are summarized in JVT-C086.xls in terms of Bjontegaard Delta bitrate savings in % from JM1.1.  The test conditions from VCEG-N81 are followed.  As shown in the file our technique gives an average 1% improvement on top of Nokia’s result.  We also compare the Nokia+TI intra codec with the VLC proposal from RealNetworks.  The RealNetworks data come from “results_summary_041702_r1.xls” sent out by Nokia on 4/18/02.  The comparison results are shown in JVT-C086.xls and Table 3.  As shown in the table the Nokia+TI intra codec outperforms RealNetworks one in every case and by more than 2% in several cases.  We also test the codec with a raw video sequence “Fugitive” 640x480 brought in by RealNetworks (note it is not a common test sequence used in video research).  In this particular sequence we observe an uncommon >3% advantage in RealNetworks proposal in a single test point.  Yet it should be noted that (i) Nokia+TI also gives >3% gain in another test point in the standard test sequence “Paris”; (ii) Even in “Fugitive” Nokia+TI reports competitive results.  In fact Nokia+TI outperforms RealNetworks proposal in 5 out of total 8 test points there; (iii) Nokia+TI does not show degradation comparing with JM1.1.

Note that RealNetworks and Nokia have reported new improvements on April 23 and April 26 respectively.  We will conduct experiments based on the latest codec and report the latest comparison results in the meeting.

Table 3.  Performance improvement (Bjontegaard Delta bitrate savings in %) of the proposed improvements in Intra coding. QP = 0, 4, 8, 12 is used for low QP and QP = 16, 20, 24, 28 for high QP.  Positive difference is in favor of Nokia+TI.



Container
Foremn
News
Silent
Tempete
Mobile
Paris

Low qp
Real
-13.54
-9.27
-13.97
-11.63
-16.19
-20.23
-14.72


Nokia+TI
-15.62
-10.65
-15.54
-12.57
-17.16
-22.33
-17.15


Difference
2.08
1.38
1.57
0.94
0.97
2.1
2.43











High qp
Real
-4.41
-2.04
-5.15
-0.78
-4.16
-7.34
-4.63


Nokia+TI
-5.63
-2.34
-7.2
-1.5
-5.67
-8.61
-5.95


Difference
1.22
0.3
2.05
0.72
1.51
1.27
1.32
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(Typically one per contribution and one per Standard | Recommendation)

Please send to:

JVT Rapporteur Gary Sullivan, Microsoft Corp., One Microsoft Way, Bldg. 9, Redmond WA 98052-6399, USA

Email (preferred): Gary.Sullivan@itu.int  Fax: +1 425 706 7329 (+1 425 70MSFAX)

This form provides the ITU-T | ISO/IEC Joint Video Coding Experts Group (JVT) with information about the patent status of techniques used in or proposed for incorporation in a Recommendation | Standard.  JVT requires that all technical contributions be accompanied with this form. Anyone with knowledge of any patent affecting the use of JVT work, of their own or of any other entity (“third parties”), is strongly encouraged to submit this form as well.

This information will be maintained in a “living list” by JVT during the progress of their work, on a best effort basis.  If a given technical proposal is not incorporated in a Recommendation | Standard, the relevant patent information will be removed from the “living list”.  The intent is that the JVT experts should know in advance of any patent issues with particular proposals or techniques, so that these may be addressed well before final approval.

This is not a binding legal document; it is provided to JVT for information only, on a best effort, good faith basis.  Please submit corrected or updated forms if your knowledge or situation changes.

This form is not a substitute for the ITU ISO IEC Patent Statement and Licensing Declaration, which should be submitted by Patent Holders to the ITU TSB Director and ISO Secretary General before final approval.
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Telephone
81-298-81-1748;81-298-81-1747


Fax
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2.0
The submitter is not aware of having any granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.

or,

The submitter (Patent Holder) has granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.  In which case,
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2.1
The Patent Holder is prepared to grant – on the basis of reciprocity for the above Recommendation | Standard – a free license to an unrestricted number of applicants on a worldwide, non-discriminatory basis to manufacture, use and/or sell implementations of the above Recommendation | Standard.
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2.2
The Patent Holder is prepared to grant – on the basis of reciprocity for the above Recommendation | Standard – a license to an unrestricted number of applicants on a worldwide, non-discriminatory basis and on reasonable terms and conditions to manufacture, use and/ or sell implementations of the above Recommendation | Standard.


Such negotiations are left to the parties concerned and are performed outside the ITU | ISO/IEC.




x
2.2.1
The same as box 2.2 above, but in addition the Patent Holder is prepared to grant a “royalty-free” license to anyone on condition that all other patent holders do the same.
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2.3
The Patent Holder is unwilling to grant licenses according to the provisions of either 2.1, 2.2, or 2.2.1 above.  In this case, the following information must be provided as part of this declaration:

· patent registration/application number;
· an indication of which portions of the Recommendation | Standard are affected.
· a description of the patent claims covering the Recommendation | Standard;

In the case of any box other than 2.0 above, please provide the following:

Patent number(s)/status



Inventor(s)/Assignee(s)



Relevance to JVT



Any other remarks:



(please provide attachments if more space is needed)



(form continues on next page)

Third party patent information – fill in based on your best knowledge of relevant patents granted, pending, or planned by other people or by organizations other than your own.

Disclosure information – Third Party Patents (choose one box)
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3.1
The submitter is not aware of any granted, pending, or planned patents held by third parties associated with the technical content of the Recommendation | Standard or Contribution.
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3.2
The submitter believes third parties may have granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.



For box 3.2, please provide as much information as is known (provide attachments if more space needed) - JVT will attempt to contact third parties to obtain more information:



3rd party name(s)



Mailing address



Country



Contact person



Telephone



Fax



Email



Patent number/status



Inventor/Assignee



Relevance to JVT
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